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(57) ABSTRACT

In a gas liquefaction plant that produces a liquefied gas by
liguelying a raw gas, a pipe rack portion in which an
air-cooling heat exchanging system 1s disposed has a rect-
angular shape when viewed from above. A first compressor,
a precooling heat exchanging portion, an auxiliary heat
exchanging portion, and a fourth compressor are arranged 1n
this order along one long side of the pipe rack portion. A
second compressor, a primary heat exchanging portion, and
a third compressor are arranged in this order along the other
long side of the pipe rack portion. A pipe that carries the raw
gas cooled at the precooling heat exchanging portion 1is
connected to the primary heat exchanging portion across the
pipe rack portion. A pipe that carries a primary relfrigerant
compressed at the second and third compressors 1s con-
nected to the auxiliary heat exchanging portion across the
pipe rack portion.
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1
GAS LIQUEFACTION PLANT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a 371 of international application of
PCT application serial no. PCT/JP2015/001202, filed on
Mar. 5, 2015, which claims the priority benefit of Japan
application no. 2014-163969, filed on Aug. 11, 2014. The
entirety of each of the abovementioned patent applications 1s
hereby incorporated by reference herein and made a part of
this specification.

TECHNICAL FIELD

The present invention relates to a facility for producing a
liquetied gas by liquelying a raw gas.

BACKGROUND ART

The process of producing a liquefied natural gas includes
a step of preprocessing a natural gas, such as removal of acid
gas and water, a subsequent step of preliminarily cooling the
natural gas to, for example, approximately —40° C. using a
precooling refrigerant, and a subsequent step of removing a
heavy gas from the natural gas and liquelying the natural gas
by cooling the gas to a temperature within the range of, for
example, —=155° C. to -158° C. using a primary refrigerant.
Examples usable as a precooling refrigerant include a refrig-
crant containing propane as a main component, and
examples usable as a primary refrigerant mnclude a mixed
refrigerant containing a mixture ol methane, ethane, pro-
pane, and nitrogen.

These refrigerants are circulated 1in a vapor compression
refrigeration cycle. In the refrigeration cycle, the refrigerants
in gaseous form are compressed by a compressor and then
cooled and liquefied by a condenser. The liquefied high-
pressure refrigerants have their pressures and temperatures
reduced by, for example, expansion valves or expansion
turbines. The low-temperature refrigerants are gasified again
into a gas by exchanging heat with the natural gas. The
precooling refrigerant 1s also used to cool a primary refrig-
crant compressed by the compressor. After cooled by the
precooling refrigerant, the primary reifrigerant exchanges
heat with the natural gas.

Patent Literature 1 describes such a gas liquetaction plant
in which the following devices are disposed on one side of
a pipe rack forming a pipe assembly: a precooling heat
exchanging system using a {irst refrigerant (precooling
refrigerant), a first refrigerant compressor that compresses
the first refrigerant, a very-low-temperature heat exchanging,
system using a second refrigerant (primary refrigerant), and
a second refrigerant compressor that compresses the second
refrigerant.

Industrial gas turbines as large as, for example, 80 MW
have been used as compressor driving sources. On the other
hand, high-performance eflicient smaller gas turbines of, for
example, 25 MW to 60 MW, onginally developed {for
airplanes, have recently been developed. The inventors
assume that the use of multiple smaller gas turbines would
enhance the design freedom.

The use of multiple smaller gas turbines 1n the layout
disclosed in Patent Literature 1, however, makes the piping
arrangement complex, requiring a wide space and increasing
the size of the gas liquetaction plant.

Patent Literature 2 describes the technology involving
multiple compressors driven by respective gas turbines in
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2

the refrigeration cycle for liquetying a natural gas, but does
not disclose the technology for solving the problem con-
fronted by the inventors.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Unexamined Patent Appli-
cation Publication No. 2005-147568

[Patent Literature 2] International Publication No. 2014/
48845

SUMMARY OF INVENTION

Technical Problem

The present invention was made against this background
and aims to provide a technology for simplifying a piping
arrangement and minimizing an installation space for a gas
liquetaction plant including multiple compressors respec-
tively used 1n a refrigeration cycle that preliminarily cools a
raw gas and in a refrigeration cycle that liquefies the
preliminarily cooled raw gas.

Solution to Problem

A gas liquefaction plant that produces a liquefied gas by
liquetying a raw gas includes: a pipe rack portion that has a
rectangular shape when viewed from above, that holds a
pipe assembly, and 1n which an air-cooling heat exchanging
system that cools a fluid 1 a pipe with air 1s disposed; a
precooling heat exchanging portion that preliminarily cools
the raw gas by expanding a compressed precooling refrig-
crant; a first compressor that compresses the precooling
refrigerant; a primary heat exchanging portion that cools and
liquefies the raw gas precooled at the precooling heat
exchanging portion by expanding a compressed primary
refrigerant; a second compressor and a third compressor that
individually compress the primary refrigerant subjected to
heat exchange at the primary heat exchanging portion; an
auxiliary heat exchanging portion that cools the primary
refrigerant compressed at the second compressor and the
third compressor by expanding the compressed precooling
refrigerant; and a fourth compressor that compresses the
precooling refrigerant. The first compressor, the precooling
heat exchanging portion, the auxiliary heat exchanging
portion, and the fourth compressor are arranged 1n this order
along a long side of the pipe rack portion outside the pipe
rack portion. The second compressor, the primary heat
exchanging portion, and the third compressor are arranged
in this order along the other long side of the pipe rack portion
outside the pipe rack portion. A pipe that carries the pre-
cooling refrigerant subjected to heat exchange at the pre-
cooling heat exchanging portion and a pipe that carries the
precooling refrigerant subjected to heat exchange at the
auxiliary heat exchanging portion are combined into one
pipe and the combined pipe bifurcates into pipes connected
to the first compressor and the fourth compressor. A pipe that
carries the precooling refrigerant compressed at the first
compressor and a pipe that carries the precooling refrigerant
compressed at the fourth compressor are combined 1nto one
pipe and the combined pipe bifurcates mto pipes connected
to the precooling heat exchanging portion and the auxiliary
heat exchanging portion. A pipe that carries the raw gas
cooled at the precooling heat exchanging portion 1s con-
nected to the primary heat exchanging portion across the
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pipe rack portion. A pipe that carries the primary refrigerant
compressed at the second compressor and the third com-
pressor 1s connected to the auxiliary heat exchanging portion
across the pipe rack portion.

The gas liquefaction plant may have the following fea-

tures:

(a) a plurality of the first compressors 1s disposed. A
plurality of the second compressors and a plurality of
the third compressors are disposed, respectively. A
plurality of the fourth compressors 1s disposed.

(b) a pipe that carries the primary refrigerant compressed
at the second compressor and a pipe that carries the
primary refrigerant compressed at the third compressor
are combined into one pipe, and the combined pipe 1s
connected to the auxiliary heat exchanging portion.

(c) pipes are arranged so that the raw gas 1s fed from a
short side of the pipe rack portion and sent out from the
other short side of the pipe rack portion. A preprocess-
ing portion 1s disposed outside the pipe rack portion
along a row of the second compressor, the primary heat
exchanging portion, and the third compressor at a
position adjacent to the short side, and the preprocess-
ing portion processes the raw gas before the raw gas 1s
precooled at the precooling heat exchanging portion.

(d) the primary heat exchanging portion, and at least one
of the precooling heat exchanging portion and the
auxiliary heat exchanging portion overlap at least par-
tially when viewed 1n a direction 1n which short sides
of the pipe rack portion extend.

Advantageous Elflects of Invention

In the present mvention, a precooling heat exchanging
portion that preliminarily cools a raw gas and an auxiliary
heat exchanging portion that cools a primary refrigerant are
disposed on one side of a pipe rack portion that holds a pipe
assembly. In addition, compressors that compress in coop-
eration (concurrently) a precooling refrigerant subjected to
heat exchange at these heat exchanging portions are dis-
posed on both sides of these heat exchanging portions. On
the other side of the pipe rack portion, a primary heat
exchanging portion that liquefies the preliminarily-cooled
raw gas 1s disposed. Multiple compressors that compress the
primary relfrigerant subjected to heat exchange at the pri-
mary heat exchanging portion are disposed on each of both
sides of the primary heat exchanging portion. Thus, the
piping arrangement can be prevented from becoming com-
plex and the installation space of the gas liquetaction plant
can be minimized while multiple compressors are used for
a refrigeration cycle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic plan view of a LNG producing
tacility according to an embodiment of the present invention
when viewed from above.

FIG. 2 1s a block diagram of a configuration of a precool-

ing heat exchanging portion and an auxiliary heat exchang-
ing portion included 1n the LNG producing facility.

FIG. 3 1s a block diagram of a configuration of a lique-
faction portion and compressors included in the LNG pro-
ducing facility.

FIG. 4 1s a schematic side view of the structure of a pipe
rack in the LNG producing facility when taken vertically.

DESCRIPTION OF EMBODIMENT

A facility for producing a liquefied natural gas (LNG), or
a gas liquetaction plant, according to an embodiment of the
present mvention 1s described now.
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Firstly, referring to the plan view of FIG. 1, a schematic
configuration of the LNG producing facility 1s described.

The description 1s given in order in which a natural gas
(hereinafter referred to as a “NG”) 1s processed. A LNG
producing facility includes an acid gas removing portion 1,
a water removing portion 2, a precooling heat exchanging
portion 3, and a liquefaction portion 5. The acid gas remov-
ing portion 1 removes an acid gas from a NG, which 1s a raw
gas. The water removing portion 2 removes water from the
NG. The precooling heat exchanging portion 3 preliminarily
cools the NG subjected to preprocessing of acid gas removal
and water removal and cools the resultant NG to a tempera-
ture within the range of approximately -20° C. to -70° C.,
for example, to an intermediate temperature within the range
of -38° C. to -39° C. A gas-liquid mixture cooled to the
intermediate temperature 1s transmitted to a heavy-compo-
nent removing portion, not illustrated, to remove heavy
components heavier than or equal to compounds of the
carbon number 2 (ethane and compounds heavier than
cthane), and then the NG containing methane as a main
component and some amount of ethane, propane, and butane
1s cooled to a temperature within the range of -1535° C. to
-138° C. to be liquefied to obtain a LNG, which 1s a
liquetied gas by the liquefaction portion 5.

Here, a process piping 10 1llustrated in FIG. 1 1s a piping
through which a raw material NG or a product LNG passes.
The acid gas removing portion 1 and the water removing
portion 2 correspond to a preprocessing portion of a LNG
producing facility according to an embodiment.

The precooling heat exchanging portion 3 precools the
NG subjected to preprocessing by using, for example, pro-
pane (referred to as “C3” 1n FIG. 2), which 1s a precooling
refrigerant. This precooling refrigerant 1s also used at the
subsequent liquefaction portion 3 to cool a primary refrig-
crant (written as “MR”, meaning mixed refrigerant, in FIG.
2 and FIG. 3). Hereinbelow, the operation performed by the
precooling reifrigerant to cool the primary refrigerant 1s
referred to as “auxiliary cooling”.

FIG. 2 illustrates the precooling heat exchanging portion
3, described above, an auxiliary heat exchanging portion 8,
which cools the primary refrigerant, and a first compressor
4 and a fourth compressor 9, which compress these precool-
ing reirigerants that have finished precooling the NG and
preliminarily cooling the primary refrigerant.

The precooling heat exchanging portion 3 includes mul-
tiple heat exchanging systems. FIG. 2 shows only a single
heat exchanging system 30 as an example. Each heat
exchanging system 30 includes, for example, four heat
exchanging elements 31, 32, 33, and 34 connected in series.
In this description, 1n order to be distinguished from the
“heat exchanging systems”, those connected 1n series are
referred to as “heat exchanging elements”. The heat
exchanging element 31 does not have to be disposed 1n each
heat exchanging system 30.

A precooling refrigerant fed from a precooling-refrigerant
teed pipe 301 to the heat exchanging system 30 passes
through the heat exchanging elements 31, 32, 33, and 34
connected 1n series 1n this order, and cools the NG similarly
passing through the tubes of the heat exchanging elements
31, 32, 33, and 34 in this order by exchanging heat with the
NG. Expansion valves 311, 321, 331, and 341 are respec-
tively provided at the inlets of the heat exchanging elements
31, 32, 33, and 34. Adiabatic expansion of the precooling
refrigerant 1s caused at these expansion valves 311, 321, 331,
and 341 to reduce the temperature of the precooling refrig-
erant and thus to gradually reduce the temperature of the NG
at the outlets of the heat exchanging elements 31, 32, and 33.
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Consequently, at the outlet of the last heat exchanging
clement 34 (the outlet of the heat exchanging system 30), the
NG 1n the gas-liquid mixed form cooled to a temperature
within the range of, for example, -37° C. to -40° C.,,
preferably, —38° C. to -39° C. 1s obtained.

Part of the precooling refrigerant that has finished cooling
the NG 1s pulled out from the heat exchanging elements 31,
32, and 33. In FIG. 2, in accordance with the pressure level
of the refrigerant at the outlets of the heat exchanging
clements 31, 32, and 33, reference symbols are attached to
the corresponding pipes: the reference symbol “HP”, mean-
ing high pressure, 1s attached to the pipe that carries part of
the precooling refrigerant pulled out from the heat exchang-
ing element 31. The reference symbol “MP”, meaning
middle pressure, 1s attached to the pipe that carries part of
the precooling refrigerant pulled out from the heat exchang-
ing element 32. The reference symbol “LP”, meaning low
pressure, 1s attached to the pipe that carries part of the
precooling refrigerant pulled out from the heat exchanging
clement 33. The reference symbol “LLP”, meaming low low
pressure, 1s attached to the pipe that carries part of the
precooling refrigerant at the outlet of the last heat exchang-
ing clement 34.

Subsequently, the configuration of an auxiliary heat
exchanging portion 8 that performs an auxiliary cooling of
the primary refrigerant 1s described. The auxiliary heat
exchanging portion 8 has substantially the same configura-
tion as the precooling heat exchanging portion 3 described
above, except that a fluid that 1s cooled 1s the primary
refrigerant.

Specifically, a precooling refrigerant fed from a precool-
ing-refrigerant feed pipe 801 to the heat exchanging system
80 passes through heat exchanging elements 81, 82, 83, and
84 connected 1n series 1n this order, and cools the primary
reirigerant similarly passing through the tubes of the heat
exchanging clements 81, 82, 83, and 84 1n this order by
exchanging heat with the primary refrigerant. Expansion
valves 811, 821, 831, and 841 are respectively provided at
the mlets of the heat exchanging elements 81, 82, 83, and 84.
Adiabatic expansion of the precooling refrigerant 1s caused
at these expansion valves 811, 821, 831, and 841 to reduce
the temperature of the precooling refrigerant and thus to
gradually reduce the temperature of the primary refrigerant
at the outlets of the heat exchanging elements 81, 82, and 83.
Thus, at the outlet of the last heat exchanging element 84
(the outlet of the heat exchanging system 80), the primary
refrigerant cooled to a temperature within the range of, for
example, —-37° C. to —-40° C., preferably, -38° C. to -39° C.
1s obtained.

Also similarly to the precooling heat exchanging portion
3, part of the precooling refrigerant that has finished cooling
the primary refrigerant 1s pulled out from the heat exchang-
ing clements 81, 82, and 83. In FIG. 2, 1n accordance with
the pressure level of the precooling refrigerant at each
portion, the same reference symbols that are attached to the
pipes that carry the precooling reirigerant from the heat
exchanging elements 31, 32, 33, and 34 of the precooling
heat exchanging portion 3 are attached to the corresponding
pipes that carry part of the precooling refrigerant pulled out
from these heat exchanging elements 81, 82, and 83 and at
the outlet of the last heat exchanging element 84.

Flows of the precooling refrigerant through pullout and
outlet pipes continuous with the heat exchanging elements
31, 32, 33, and 34 of the precooling heat exchanging portion
3 and flows of the precooling refrigerant through pullout and
outlet pipes continuous with the heat exchanging elements
81, 82, 83, and 84 of the auxiliary heat exchanging portion
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8 jom together 1in the following manner. Specifically, since
pipes that carry tlows of the precooling refrigerant having
the same pressure level are combined together, flows of the
precooling refrigerant having the same pressure level join
together and pass through a common pipe toward the
downstream side.

Here, a first compressor 4 and a fourth compressor 9,
which compress the precooling refrigerant that has finished
cooling the NG or the primary refrigerant, are respectively
disposed on the side of the precooling heat exchanging
portion 3 and on the side of the auxiliary heat exchanging
portion 8 described above. In this embodiment, the first
compressor 4 and the fourth compressor 9 are gas turbine
compressors. The first compressor 4 and the fourth com-
pressor 9 are rotated by a driving force obtained by burning
a fuel gas at gas turbines, not illustrated, to compress the
precooling refrigerant. For convenience of illustration, FIG.
2 shows one first compressor 4 and one fourth compressor
9. However, multiple first compressors 4 and multiple fourth
compressors 9 may be provided in accordance with, for
example, the number of heat exchanging systems 30 of the
precooling heat exchanging portion 3 or the number of heat
exchanging systems 80 of the auxiliary heat exchanging
portion 8.

As 1llustrated 1n FIG. 2, flows of the precooling refriger-
ant that have joined together after ejected from the precool-
ing heat exchanging portion 3 and the auxihiary heat
exchanging portion 8, so as to have the same pressure level
bifurcate mto two tlows toward the first compressor 4 and
the fourth compressor 9 and then are fed to one of the stages
corresponding to the pressure level. The precooling refrig-
crant 1s compressed 1n the first compressor 4 and the fourth
compressor 9. The precooling refrigerant having its pressure
increased up to a predetermined pressure 1s ejected from the
first compressor 4 and the fourth compressor 9 1 gaseous
form (denoted by “C3 (HHP) gas” in FIG. 2) and passes 1n
gaseous form through compressor outlet pipes 501 and 901
to air-fin coolers (AFCs, 101) provided 1n a pipe rack portion
100, described below.

Thereatter, flows of the precooling refrigerant that have
fimshed passing through the precooling refrigerant cooling
pipe 103 cooled by the AFCs 101 change into liquid form
and join together and pass through a precooling refrigerant
jomt pipe 104 (denoted by “C3 (HHP) liqud” 1in FIG. 2).
After passing through the precooling refrigerant joint pipe
104, the precooling refrigerant bifurcates into flows passing
through precooling-refrigerant feed pipes 301 and 801 and
the flows are then fed to the precooling heat exchanging
portion 3 and the auxiliary heat exchanging portion 8.

Referring now to FIG. 3, the configuration of a liquefac-
tion portion 3 and a second compressor 6 and a third
compressor 7, which compress a primary refrigerant that has
finished liquetying the NG at the liquefaction portion 5, 1s
described.

The liquefaction portion 5 liquefies the precooled NG
using a mixed refrigerant (MR) including, for example,
nitrogen, methane, ethane, and propane as a primary refrig-
erant.

The liquefaction portion 5 includes: a heat exchanging
system 51, serving as a primary heat exchanging portion; a
LNG refining facility 52, which causes a liquefied LNG to
flash for impurnity removal or pressure adjustment; and a
reliquetfaction portion, which reliqueties the liquefied LNG
by separating a gas from the liquefied LNG. In FIG. 3, for
convenience of 1llustration, the reliquefaction portion 1s not
illustrated although the heat exchanging system 51 and the
LNG refining facility 52 are illustrated. Alternatively, mul-
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tiple heat exchanging systems 51 or multiple LNG refining,
facilities 52 may be provided. In this embodiment, one heat
exchanging system 51 and one LNG refining facility 52 are
described as examples.

The primary refrigerant that has caused adiabatic expan-
sion using expansion valves or expansion turbines, not
illustrated, 1s introduced in several stages into the heat
exchanging system 51 including tubes through which the
precooled NG fed from the precooling heat exchanging
portion 3 passes. The temperature of the introduced primary
refrigerant 1s reduced stepwise 1n stages by auto-refrigera-
tion. Consequently, the NG that passes through the tubes 1s
cooled stepwise and a LNG having a temperature in the
range of —155° C. to —158° C. 1s finally obtained. This LNG
1s refined and subjected to pressure adjustment at the LNG
refining facility 52 and then transmitted to a LNG storage
facility or a delivery facility as a LNG product of —=160° C.

Furthermore, the primary refrigerant that has finished
liquetying the LNG flows out 1n gaseous form from the heat
exchanging system 51 (denoted by “MR (gas)” in FIG. 3).

A second compressor 6 and a third compressor 7, which
compress the primary refrigerant that has finished liquetying
the LNG, are disposed on the sides to the liquefaction
portion 5. In this embodiment, the second compressor 6 and
the third compressor 7 are gas turbine compressors. The
second compressor 6 and the third compressor 7 are rotated
by a driving force obtained by burning a fuel gas at gas
turbines, not 1llustrated, to compress the primary refrigerant.
The second compressor 6 includes two compressors 61 and
62 that respectively perform low-pressure compression and
high-pressure compression and that are connected 1n series
with an intermediate cooling pipe 1054, cooled by AFCs
101, interposed therebetween. Similarly to the second com-
pressor 6, the third compressor 7 includes two compressors
71 and 72 that are connected in series with an intermediate
cooling pipe 1055b, cooled by AFCs 101, interposed ther-
cbetween. For convenience of illustration, FIG. 3 only
illustrates one second compressor 6 and one third compres-
sor 7. However, multiple second compressors 6 and multiple
third compressors 7 are actually provided corresponding to
the number of heat exchanging systems 51 of the liquefac-
tion portion 5.

The primary refrigerant that has tlowed out of the heat
exchanging system 51 bifurcates into two tlows passing
through a primary-refrigerant bifurcating pipe 53 toward the
second compressor 6 and the third compressor 7 and the
flows are then fed to the compressors 61 and 71 that perform
low-pressure compression. The primary refrigerant com-
pressed in the compressors 61 and 71 and subjected to
pressure rising up to a predetermined pressure 1s ¢jected in
gaseous form Irom the compressors 61 and 71, passes
through the intermediate cooling pipes 1054 and 1055 of the
pipe rack portion 100, and 1s cooled by AFCs 101.

The cooled primary refrigerant 1s fed to the compressors
62 and 72 of the second compressor 6 and the third com-
pressor 7 that perform high-pressure compression and sub-
jected to pressure rising up to a predetermined pressure.
Then, the primary refrigerant ¢jected from the compressors
62 and 72 passes 1 gaseous form through a primary-
refrigerant cooling pipe 106 of the pipe rack portion 100 and
1s cooled by AFCs 101. Then, tlows of the primary refrig-
crant are joined together and fed to the auxiliary heat
exchanging portion 8, described above, 1n gaseous form.

FIG. 4 1s a side view of a LNG producing facility
according to an embodiment taken along the line A-A' and
viewed 1n the direction of arrows of FIG. 1. The pipe rack
portion 100 includes multiple layers of stacking frameworks
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that support pipes connected to devices 1n the LNG produc-
ing facility (FIG. 4 illustrates an example of two layers of
stacking frameworks). Air fin coolers (air-cooling heat
exchanging systems or AFCs) 101 are disposed on top of the
layer that supports these pipes.

The AFCs 101 are disposed on the upper or lower surface
of a tube bundle 102, which 1s a pipe assembly through
which a fluid that 1s to be cooled passes (FIG. 4 illustrates
the case where the AFCs 101 are disposed on the upper
surface of the tube bundle 102). The AFCs 101 cool a fluid
passing through the pipes as a result of rotating fins and
forming airtlow around the pipes 1n the tube bundle 102.

Pipes constituting the tube bundle 102 include the above-
described precooling refrigerant cooling pipe 103 through
which the above-described precooling refrigerant passes and
the intermediate cooling pipes 105¢ and 1056 and the
primary-reirigerant cooling pipe 106 through which a pri-
mary refrigerant passes. The precooling refrigerant cooled
by the AFCs 101 1s fed to the precooling heat exchanging
portion 3 and the auxiliary heat exchanging portion 8. The
primary refrigerant cooled by the AFCs 101 1s fed to the
auxiliary heat exchanging portion 8.

As 1llustrated 1n FIG. 1, when viewed from above, the
pipe rack portion 100 has a thin rectangular shape that 1s
long in the transverse direction of FIG. 1. Multiple AFCs
101 are arranged along the long side of the pipe rack portion
100.

In the LNG producing facility having the above-described
configuration, as illustrated 1n FIG. 1, the first compressor 4,
the precooling heat exchanging portion 3, the auxiliary heat
exchanging portion 8, and the fourth compressor 9 are
arranged 1n this order along one long side of the pipe rack
portion 100 outside the pipe rack portion 100. For example,
in FIG. 1, the first compressor 4, the precooling heat
exchanging portion 3, the auxiliary heat exchanging portion
8, and the fourth compressor 9 are arranged in this order
from the right.

On the other hand, the second compressor 6, the lique-
faction portion 3 (the heat exchanging system 51 serving as
a primary heat exchanging portion), and the third compres-
sor 7 are arranged 1n this order along the other long side of
the pipe rack portion 100 outside the pipe rack portion 100.
For example, mm FIG. 1, the second compressor 6, the
liquefaction portion 5, and the third compressor 7 are
arranged 1n this order from the right.

Furthermore, the liquetaction portion 5 (heat exchanging
system 51) and at least one of the precooling heat exchang-
ing portion 3 and the auxiliary heat exchanging portion 8
overlap at least partially when viewed in the direction 1n
which the short sides of the pipe rack portion 100 extend. In
other words, the liquefaction portion 5 and at least one of the
precooling heat exchanging portion 3 and the auxiliary heat
exchanging portion 8 are arranged opposite each other with
the pipe rack portion 100 interposed therebetween.

The process piping 10 (denoted by “10a” i FIG. 1) that
carries the NG cooled at the precooling heat exchanging
portion 3 1s connected to the heat exchanging system 51 of
the liquefaction portion 5 across the pipe rack portion 100.
The pipe (the primary-refrigerant cooling pipe 106 1n FIG.
1 and FIG. 3) that carries the primary refrigerant compressed
at the second compressor 6 and the third compressor 7 1s
connected to the auxiliary heat exchanging portion 8 across
the pipe rack portion 100.

Piping 1s arranged so that the NG 1s fed from one short
side of the pipe rack portion 100 (the rnight side 1n FIG. 1)
and sent out from the other short side of the pipe rack portion
100 (the left side 1n FIG. 1). Here, the acid gas removing
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portion 1 and the water removing portion 2, which constitute
a preprocessing portion, are disposed outside the pipe rack
portion along the row of the second compressor 6, the
liquetaction portion 3 (the heat exchanging system 51), and
the third compressor 7 at a position adjacent to the one short
side of the pipe rack portion 100 from which the NG 1s fed.

The heavy-component removing portion described above
1s disposed 1n, for example, the liquefaction portion 5.

A LNG producing facility according to an embodiment
has the following eflects. The LNG producing facility
includes a precooling heat exchanging portion 3, which
preliminarily cools a NG, and an auxiliary heat exchanging,
portion 8, which cools a primary refrigerant, on one side of
the pipe rack portion 100 that holds a pipe assembly. The
LNG producing facility also includes a first compressor 4
and a fourth compressor 9, which compress 1n cooperation
(concurrently) the precooling refrigerant subjected to heat
exchange at these heat exchanging portions 3 and 8, on both
sides of the heat exchanging portions 3 and 8. The LNG
producing facility also includes a heat exchanging system
51, which serves as a primary heat exchanging portion that
liqueties a preliminarily-cooled raw gas, on the other side of
the pipe rack portion 100. The LNG producing facility also
includes multiple second compressors 6 and third compres-
sors 7, which compress the primary refrigerant subjected to
heat exchange at the heat exchanging system 51, on both
sides of the heat exchanging system 51. Thus, the piping
arrangement can be prevented from becoming complex
while using multiple compressors 4, 9, 6, and 7 1 a
refrigeration cycle, whereby the space in which the gas
liquetaction plant i1s mnstalled can be minimized.

The primary-refrigerant bifurcating pipe 53 that conveys
the primary refrigerant from the heat exchanging system 31
to the second compressor 6 and the third compressor 7 1s a
large-diameter pipe having a diameter of approximately 70
inches. Arranging the second compressor 6 and the third
compressor 7 on both sides of the heat exchanging system 51
enables a shortening of the large-diameter pipe. On the other
hand, the auxiliary heat exchanging portion 8 1s disposed on
one long side of the pipe rack portion 100, and the second
compressor 6 and the third compressor 7 are disposed on the
other long side of the pipe rack portion 100. Thus, a
primary-refrigerant cooling pipe 106 having a relatively
small diameter and through which a high-pressure tluid
¢jected from these compressors 6 and 7 passes crosses the
pipe rack portion 100. Compared to the case where a
large-diameter pipe crosses the pipe rack portion 100, an
increase in height of the pipe rack portion 100 can be
mimmized.

In the above-described LNG producing facility, the force
for dniving the first compressor 4, the fourth compressor 9,
the second compressor 6, and the third compressor 7 may be
obtained by not only gas turbines, but also motors. The
compressors are not limited to turbo compressors and may
be reciprocating compressors.

What 1s claimed 1s:

1. A gas liquefaction plant that 1s configured to produce a
liquetied gas by liquelying a raw gas, and the gas liquetac-
tion plant 1s characterized in comprising;

a pipe rack portion that has a rectangular shape when
viewed from above, that holds a pipe assembly, and in
which an air-cooling heat exchanging system that 1s
configured to cool a fluid 1n pipes of the pipe assembly
with air 1s disposed;

a precooling heat exchanging portion that 1s configured to
preliminarily cool the raw gas by expanding a com-
pressed precooling refrigerant;
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at least one first compressor that 1s configured to compress
the precooling refrigerant;

a primary heat exchanging portion that 1s configured to
cool and liquefies the raw gas precooled at the precool-
ing heat exchanging portion by expanding a com-
pressed primary refrigerant;

at least one second compressor and at least one third
compressor that are configured to individually com-
press the primary refrigerant subjected to heat
exchange at the primary heat exchanging portion;

an auxiliary heat exchanging portion that 1s configured to
cool the primary refrigerant compressed at the at least
one second compressor and the at least one third
compressor by expanding the compressed precooling
refrigerant; and

at least one fourth compressor that i1s configured to
compress the precooling refrigerant,

wherein the at least one first compressor, the precooling

heat exchanging portion, the auxiliary heat exchanging
portion, and the at least one fourth compressor are
arranged 1n this order along a long side of the pipe rack
portion outside the pipe rack portion,

wherein the at least one second compressor, the primary
heat exchanging portion, and the at least one third
compressor are arranged in this order along the other
long side of the pipe rack portion outside the pipe rack
portion,

wherein a first pipe that 1s configured to carry the pre-
cooling refrigerant subjected to heat exchange at the
precooling heat exchanging portion and a second pipe
that 1s configured to carry the precooling refrigerant
subjected to heat exchange at the auxiliary heat
exchanging portion are combined into a first combined
pipe, and the first combined pipe biturcates 1nto a third
pipe and a fourth pipe, and the third pipe 1s connected
to the at least one first compressor, and the fourth pipe
1s connected to the at least one fourth compressor,

wherein a fifth pipe that 1s configured to carry the pre-
cooling refrigerant compressed at the at least one first
compressor and a sixth pipe that 1s configured to carry
the precooling refrigerant compressed at the at least one
fourth compressor are combined 1nto a second com-
bined pipe, and the second combined pipe bifurcates
into a seventh pipe and a eighth pipe, and the seventh
pipe 1s connected to the precooling heat exchanging
portion, and the eighth pipe 1s connected to the auxil-
1ary heat exchanging portion,

wherein a process piping that 1s configured to carry the
raw gas cooled at the precooling heat exchanging
portion 1s connected to the primary heat exchanging
portion across the pipe rack portion, and

wherein a primary-refrigerant cooling pipe that 1s config-
ured to carry the primary refrigerant compressed at the
at least one second compressor and the at least one third
compressor 1s connected to the auxiliary heat exchang-
ing portion across the pipe rack portion;

wherein a primary-refrigerant bifurcating pipe, that is
configured to convey the primary refrigerant from the
primary heat exchanging portion to the at least one
second compressor and the at least one third compres-
sor, 1s connected between the primary heat exchanging,
portion and the at least one second compressor, and 1s
connected between the primary heat exchanging por-
tion and the at least one third compressor.

2. The gas liquefaction plant according to claim 1,

wherein
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the at least one first compressor comprises a plurality of
first compressors.
3. The gas liquefaction plant according to claim 1,
wherein
the at least one second compressor comprises a plurality 5
of second compressors, and the at least one third
compressor comprises a plurality of third compressors.
4. The gas liquefaction plant according to claim 1,
wherein
the at least one fourth compressor comprises a plurality of 10
fourth compressors.
5. The gas liquefaction plant according to claim 1,
wherein
a ninth pipe that 1s configured to carry the primary
refrigerant compressed at the at least one second com- 15
pressor and a tenth pipe that 1s configured to carry the
primary refrigerant compressed at the at least one third
compressor are combined into a third combined pipe,
and
the third combined pipe 1s connected to the auxiliary heat 20
exchanging portion.
6. The gas liquefaction plant according to claim 1,
wherein
the primary heat exchanging portion, and at least one of
the precooling heat exchanging portion and the auxil- 25
1ary heat exchanging portion overlap at least partially
when viewed 1n a direction in which short sides of the
pipe rack portion extend.
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